Alexithymia is a personality trait which is associated with difficulties in identifying and verbalizing emotions. Previous studies have shown a significant association between alexithymia and a lack of ability to decode emotional facial expressions. Three groups of university students (N = 1645) were formed by splitting the sample based on Toronto Alexithymia Scale (TAS-20) scores. All participants performed an emotional expression recognition task, using the "Reading the Mind in the Eyes'' method. The experimenter presented images of the eye-region of the faces of actors and actresses. As expected, results showed that alexithymics performed worse on ability to infer others' emotiona l sta tes expressed by the eyes. These results suggest that alexithymia is associated with impaired emotion recognition, that is most apparent when processing capacity is restricted, high-alexithymic individuals could develop less detailed perceptual representations of facial expression which might impair the process of drawing conclusions about its emotional significance.
The term Alexithymia (from Greek: lack of words for emotions), refers to a specific disturbance in affective-emotional processing that is manifested through the following salient features: 1) difficulty in identifying and describing feelings and emotions verbally, 2) difficulty in distinguishing between feelings and somatic sensations that accompany emotional arousal, and 3) externally-oriented thinking and impaired symbolic activity (Taylor & Bagby, 2004) . The most recent research has stressed the point that in alexithymia there is not only a difficulty in expressing emotions verbally but also a deficit in the cognitive processing of emotions (Berenbaum & Prince, 1994; Jessimer & Markham, 1997; Lundh & Simonsson-Sarnecki, 2002; Parker, Taylor, & Bagby, 1993; Roedema & Simons, 1999; Suslow, 1998; Suslow & Junghanns, 2002) ; as a consequence, emotions remain undifferentiated and poorly regulated (Taylor, Bagby, & Parker, 1991) and those afflicted are more likely to misinterpret their emotions as being symptoms of illness (Taylor & Bagby, 2004) .
First studied in classical psychosomatic or somatic disorders, alexithymia is known today as a personality trait (Martínez-Sánchez, Ato, Córcoles, Huedo, & Selva, 1998; Martínez-Sánchez, Ato, & Ortiz, 2003) , normally distributed in the general population with significantly higher levels in male subjects (Franz et al., 2008; Schimmenti, 2016) . A high level of alexithymia is considered as a possible vulnerability factor for a variety of psychiatric disorders and physical illnesses (Taylor, Bagby, & Parker, 1997) , such as substance use disorders, somatization, anxiety and depression, and even schizophrenia (Lumley, Neely, & Burger, 2007) . Alexithymics appear to be less able to recognize their emotion signals and regulate emotions effectively (Taylor et al., 1997) . Several studies demonstrated that alexithymic individuals are impaired in their ability to recognize emotion when both the stimulus and the response are non-verbal, suggesting that alexithymia, "the lack of words for emotion", is not just a verbal phenomenon. Several authors hypothesized that hampered regulation of emotion in alexithymia might be based on deficits in the perception and further processing of emotional stimuli (Aleman, 2005; Martínez-Sánchez, Montero, & de la Cerra, 2002; Lane, Sechrest, Reidel, Shapiro, & Kaszniak, 2000) . This statement has been empirically supported by imaging data (Kano et al., 2003; Mantani, Okamoto, Shirao, Okada, & Yamawaki, 2005; Moriguchi et al., 2006) and event-related potentials (Pollatos & Gramann, 2011) .
One of the most fruitful areas of investigation that has occupied the investigation of alexithymia is the study of the patterns of recognition of facial expressions of emotion. It is well established that facial emotion recognition has an important place in emotion regulation, interpersonal communication skills, and in the development of psycho-pathologies (Öztürk, Kiliç, Deveci, & Kirpinar, 2016) .
In this line, previous studies have shown a significant correlation between alexithymia and a lack of ability to recognize emotions in photographs of facial expressions (Allerdings, 1997; Lane et al., 1996 Lane et al., , 2000 Mann, Wise, Trinidad, & Kohanski, 1994; McDonald & Prkachin, 1990; Pandey & Mandal, 1997; Parker et al., 1993; Parker, Prkachin, & Prkachin, 2005; Prkachin, Casey, & Prkachin, 2009 ). These deficits have been found with tasks in which participants were required to reply in a very short period of time (Pedrosa et al., 2009) , as well as in those with masked stimuli to make it difficult to recognize them (Kugel et al., 2008; Reker et al., 2010) , and with static emotional stimuli, such as FACS, and dynamic videos (Kätsyri, Saalasti, Tiippana, von Wendt, & Sams, 2008; Ridout, Thomas, & Wallis, 2010) (for a review, see Grynberg et al., 2012) .
Despite the interest in studying the relationship between alexithymia and emotion recognition, there are only a few studies addressing the role of alexithymia in facial recognition tasks with parts of the face, such as the work of Swart, Kortekaas, and Aleman (2009) and Schimmenti (2016) . This restricted condition is expected to make these recognition tasks considerably more difficult. Following this line, in the current study we aimed to examine how people with alexithymia are affected when they look at pictures of various facial expressions of the eye region, comparing the results with those without alexithymia. More specifically, we studied the response to a task that significantly hinders recognition, such as the "Reading the Mind in the Eyes" (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001) , in which the subjects are presented a very small part of the face, restricted to the eye region. The "Reading the Mind in the Eyes" is widely used to assess individual differences in social cognition and emotion recognition across different groups and cultures, showing a sufficient internal consistency, adequate split-half and test-retest reliability, and good convergent validity (Fernández-Abascal, Cabello, Fernández-Berrocal, & Baron-Cohen, 2013; Schimmenti, 2016; Vellante et al., 2013; Yildirim, Kaşar, Güdük, Ateş, Küçükparlak, & Ozalmete, 2011) .
The nonverbal Eyes Test requires participants to make inferences about the affective and motivational state of others on the basis of a picture of their eyes. This task differs from identifying basic facial expressions of emotion in that the distinctions made involve more complex emotional terms and often concern social interaction (e.g., distinctions include attraction or repulsion, noticing you or ignoring you). In this study, we aimed to evaluate the effect of the presentation of expressions restricted to one specific part of the face on recognition rates in subjects with different levels of alexithymia. The null hypothesis was that the recognition rates of facial expressions would be independent of levels of alexithymia.
Method Participants
Participants (N = 1645) consisted of 430 men and 1215 women, ranging in age from 18 to 50 (M = 31.31; SD = 9.72) participated in this experiment, recruited from sections of a course in General Psychology at a large public Spanish University. All students were informed that their participation was entirely voluntary and, upon completing the informed consent process, all participants completed a battery of measures. We explained to them that we were studying the recognition of emotional facial expressions.
Confidentiality was described by informing participants that their responses would not be connected to identifying information in any way. Identifying information was not collected for any other purpose. The data was collected during three academic years, from 2012 to 2015.
Materials and Measures
The Toronto Alexithymia Scale (TAS-20; , Spanish version (Martínez-Sánchez, 1996) , was used to measure the participants' alexithymic level. The TAS-20 is a 20-item self-report measure of the alexithymic construct with good internal consistency, high test-retest reliability and construct and criterion validity Paéz et al., 1999; Taylor, Bagby, & Luminet, 2000) . A three-factor structure is theoretically congruent with the alexithymia construct: (F. 1.) difficulty to identify feelings and to distinguish between feelings and somatic sensations of emotional arousal; (F. 2.) difficulty in describing feelings to others; and (F. 3.) externally-oriented thinking. A Spanish version of TAS-20 was accomplished by Spanish psychologists fluent in both English and Spanish, using backtranslation methodology. This version showed good internal consistency, α = .78, and testretest reliability, r = .71, p < .001, over a 19-week interval. These results are comparable to those obtained with the English version of the scale. For this study, Cronbach's α for the TAS-20 sum score was .87, for the scale difficulties identifying feelings .86, for the scale difficulties describing feelings, and .71 for the scale externally-oriented thinking.
Computerized version of the 'Reading the Mind from the Eyes'. In this study, we used the revised version of the Eyes Test (BaronCohen et al., 2001) , which involves inferring the mental state of a person from just the information conveyed in photographs of that person's eyes. The task consists of 36 black and white photographs (15 x 6 cm) of the eye region; from just above the eyebrows to halfway down the bridge of the nose, presented along with 4 complex mental state words (e.g., jealous, panicked, arrogant and hateful). Each photograph has four options, which include one target word and three foils. The subjects are asked to choose the option, which best describes what the eyes in the photograph think or feel. Half of the photos depict females and half depict males, and all involve complex cognitive and emotional states. Scoring consisted of tallying the number of correct responses. Further details on the Eyes Test are presented in Baron-Cohen et al. (2001) .
Procedure
The study was approved by the university institutional review board and all participants provided fully informed consent. After a description of the study, participants were given the demographic questionnaire and the TAS-20 and they completed the experimental tasks in a laboratory during a single session. The participants were not timed.
The Eyes Test task was presented on a laptop computer screen. The photograph was centered on the screen, and the four-target word was placed at the four corners of the photograph equally spaced from the center of the screen. Participants responded by pressing one of four keys on the keyboard (i.e., S, X, K, M) identified by colored stickers. These keys were chosen because they are spatially analogous to the location of the adjectives at the corners of the screen.
Scores are calculated as the total number of correct discriminations for all 36 items. We also classified the stimuli used in the Eyes task into three emotional valence categories: positive (8 items), neutral (16 items) and negative (12 items), using the criterion of Yildirim et al. (2011) and Fertuck et al. (2009) .
Statistical Analysis
First, we used previously established cutoff scores on the TAS-20 to assign subjects to alexithymia groups . The cutoff scores were as follows: nonalexithymic (< 51), probable (> 52-60 <) and alexithymic (> 61). Second step was to compute zero-order correlations between TAS scores and emotional valence of stimuli used in the Eyes task. Third, a 3 x 2 factorial analysis of variance (ANOVA) was run to assess the potential differences in the total number of expressions recognized according to two factors: alexithymia group and gender. Lastly, another ANOVA was run to analyze the alexithymia group and gender effects on the different eyes expressions recognized. Table 1 shows the accuracy rates on the emotion recognition tasks as a function of alexithymia groups and gender.
Results
Zero-order correlations revealed that alexithymia was significantly negatively correlated with the global precision of participants' recognition (r = -.092, p < .01), of negative (r = -.055, p < .05) and neutral eyes (r = -.109, p < .01), however, was not significantly correlated with positives eyes (r = -.012, p > .05).
A 3 x 2 factorial analysis of variance (ANOVA) was performed, to assess the potential differences in the total number of expressions recognized according to two factors: alexithymia group (Alexithymic -Probable -Nonalexithymic) and gender (male -female). The means and standard deviations of the two factors are presented in Table 1 . The results for the ANOVA indicated a significant effect for alexithymia group factor, F (2, 1389) = 8.96; p < .001; ηp 2 = .011, and a significant effect for gender, F (1, 1389) = 6.794, p < .01; ηp 2 = .004, but non-significant interaction between both factors was found, F (2, 1389) = 0.570; p =.565; ηp 2 = .001. The post-hoc comparisons with a Bonferroni adjustment revealed significant mean-differences effects between the groups of "nonalexithymic" and "alexithymic" (M NonAlex = 26.79, SD = 3.37; M Alex = 25.60, SD = 4.12) (d = 1.19, p < .01), and between "nonalexithymic" and "probable" (M ProbAlex = 25.94, SD = 3.78) (d = .85, p < .01), but not among subjects in the "probable" and "alexithymic" (d = .34, ns).
We then classified the stimuli presented in response to the hedonic valence (positive, neutral or negative) of the expressions shown, in order to assess whether the level of alexithymia and gender was related to the differential recognition of one or another type of expression. No effect was found in any of the positive eyes recognition (F (2, 1389) = .252, p = .777; ηp 2 = .000) related to alexithymia group, but there was a significant effect for the response to the neutral (F (2, 1389) = 10.279, p < .001; ηp 2 = .012) and negative eyes (F (2, 1389) = 4.602, p < .05; ηp 2 = .004). A significant effect was also found for gender in negatives eyes, F (1, 1389) = 6.040, p < .05; ηp 2 = .004, but no for positive (F (2, 1389) = 0.632, p = .427; ηp 2 = .000) or neutral eyes (F (2, 1389) = 3.671, p = .055; ηp 2 = .004). The interaction of the factors "alexithymia group" and "gender" yielded a non-significant interaction in recognition of any type of expression. Follow-up post-hoc tests with a Bonferroni adjustment were conducted to evaluate the group differences among the means for alexithymia group in negative and neutral eyes independently. In the case of negative eyes, the "nonalexithymic" group (M NonAlex = 8.71, SD = 1.65) was marginally more accurate than the "alexithymic" (M Alex = 8.33, SD = 1.81) and the "probable" (M ProbAlex = 8.39, SD = 1.80) alexithymia group (d = -.38, p = .092, and d = -.32, p = .065, respectively). In the condition of neutral eyes, the "nonalexithymic" group (M NonAlex = 12.11, SD = 1.90) showed significantly higher accuracy on recognition task than "probable" (M ProbAlex = 11.59, SD = 1.90) (d = .518, p < .01) and "alexithymic" groups (M High = 11.38, SD = 2.21) (d = .725, p < .01), but not among subjects in the "probable" and "high alexithymia" group (d = .207, ns). Finally, independent t-test yielded a significant result, 
Discussion
In the present study, emotional recognition of facial expressions of the eye region was investigated as a function of alexithymia as measured by the TAS-20 in a large sample. The main results show that alexithymia is associated with a decreased ability to recognize facial emotional information type, especially the negative hedonic valence; on the other hand, women have shown to be more capable at recognizing expressions than men.
Our findings indicate that alexithymia is associated with a deficit in the recognition of emotional expressions within restricted conditions, that is, when the stimulus shown is the eye region exclusively. This is consistent with the work of Parker et al. (2005) , in which the authors found difficulties in identifying facial expressions when participants had limited time to complete the task. These results suggest that alexithymia is related to a poor recognition of facial expressions when stimuli are presented under suboptimal conditions (i.e., when the stimuli were spatially degraded or briefly presented above the threshold of conscious detection during experimental conditions, Parker, Prkachin, & Prkachin, 2005; Prkachin, Casey, & Prkachin, 2009) .
The ability to accurately detect emotional facial expressions is a necessary condition to make adjustments and personal reactions, such as the running of emotional self-regulatory processes. Our pattern of results represents a basis for explaining the difficulties of personal relationships for alexithymics, justified by the difficulty in perceiving negative emotions in others, leading to difficulties in handling these situations adaptively, and the consequences that may entail. These limited empathic skills with high levels of alexithymia have been highlighted in several studies (Bird, Silani, Brindley, White, Frith, & Singer, 2010; Grynberg, Luminet, Cornelius, Greg, & Berthoz, 2010; Moriguchi et al., 2007) .
Our results are consistent with previous studies in which authors have presented images of facial expressions taken from FACS (Allerdings, 1997; Lane et al., 1996 Lane et al., , 2000 McDonald & Prkachin, 1990; Mann et al., 1994; Pandey & Mandal, 1997; Parker et al., 2005; Prkachin et al., 2009; Reker et al., 2010) , as well as those who have had facial micro-expressions (Swart, Kortekeer, & German, 2009) , and degraded presentations of facial expressions that hinder its recognition (Kätsyri et al., 2008) . On the other hand, studies using the affective priming task (Suslow, 1998; Suslow & Junghanns, 2001; Suslow et al., 2001 ) have showed inconsistent results. It could be explained by the fact that each of these studies used different procedures, although it has been observed that subjects with high levels of alexithymia seem to show difficulties in linking the emotional stimuli and the mental representation of emotional concepts. For example, Vermeulen, Luminet, and Corneille (2006) found that subjects with high levels of alexithymia showed reduced priming when presented with a prime consisting of facial expressions of anger, followed by a verbal target.
The task used in the present work was not time limited, like most of the studies already mentioned. However, results involving tasks with a very brief presentation of the stimuli have indicated that alexithymics are less skilled than non-alexithymics in judging facial expressions quickly (1 sec). Nonetheless, this difference does not exist in the presentations where the stimuli is longer (3 sec) (Parker et al., 2005) or when the subjects were asked to label the facial expressions without time limitations to perform the task (McDonald & Prkachin, 1990) . These results suggest that the greater the demand for recognition, the higher the recognition deficit will be, this is also true when verbal demands are high (Parker et al., 1993) , or when verbal demands are very low with a short stimuli time.
As an example, Prkachin et al. (2009) presented stimulus (facial expressions FACS) for 33ms by using the signal detection paradigm, and the results showed marked difficulties in identifying emotional facial expressions, especially fear. Based on these findings, Grynberg et al. (2012) concluded that HAIs have problems labeling facial expressions, as they cannot process the perceptual information in a very short time.
But more interestingly, our findings indicate that alexithymics show greater difficulty in recognizing negative facial expressions. This pattern of results seems to confirm the existence of a difficulty in processing this type of emotions, in line with what has been previously demonstrated (Ihme et al., 2014; Parker et al., 1993; Parker et al., 2005; Prkachin et al., 2009) . In this sense, Vanman, Dawson, and Brennan (1998) showed that the subjects with high levels of alexithymia valued negative images as less unpleasant than the subjects with low levels of alexithymia, or valued facial expressions of pain with lesser value than subjects with low levels of alexithymia (Moriguchi, Decety, Ohnishi, Maeda, Matsuda, & Komaki, 2007) .
Concerning the gender differences, we found that females scored higher than men on emotion recognition, specifically on neutral and negative stimuli. In this line, prior research has noted that women are more accurate than men in recognizing emotions under conditions of minimal stimulus information (Hall & Matsumoto, 2004; Schimmenti, 2016) , with subtle facial displays (Hoffman, Kessler, Eppel, Rukavina, & Traue, 2010) , and, specifically, labelling negative emotions, such as sadness (Montagne, Kessels, Frigerio, de Haan, & Perrett, 2005) . Our findings add empirical support to gender differences in the recognition of negative emotions under suboptimal conditions.
A number of limitations related to the current study should be noted. First, we did not evaluate participants' emotional state, neither their socioeconomic status nor their IQ, and these variables have been confirmed to influence on levels of alexithymia, anxiety and depression (Kirmayer & Robbins, 1993; Öztürk et al., 2016; Wise et al., 1990) . The only study controlling for verbal abilities found no significant differences in facial emotion recognition between healthy subjects relatively high or low in alexithymia (Montebarocci, Surcinelli, Rossi, & Baldaro, 2011) . However, our wide sample includes participants of a relatively homogeneous socioeconomic status (mostly undergraduates from a middle-socioeconomic status), might compensate for this limitation. Second, alexithymia was measured by self-report and, even if our questionnaire, TAS-20, has proved to be an acceptable and reliable instrument to the assessment of alexithymia, future research should include other measures to study the generalization and validity across measurements. For instance, the Toronto Structured Interview for Alexithymia (Bagby, Taylor, Parker, & Dickens, 1996) would provide essential information about the relation between levels of alexithymia and the recognition of emotional stimuli. Finally, it should be emphasized that the present findings were obtained with a sample of healthy undergraduates, indeed, one might expect that greater differences would be observed were a clinical sample to be employed.
In summary, our results showed that facial recognition accuracy was negatively correlated with the alexithymia score, suggesting that alexithymics performed worse on emotion recognition when processing capacity is restricted. High-alexithymic individuals could develop less detailed perceptual representations of facial expression, which might impair the process of drawing conclusions about its emotional significance. These findings indicate that alexithymia is associated with an impaired recogni-tion of emotion, which may be a marker of a more general impairment in the capacity for emotion information processing. It still remains to be determined whether the deficit is at an evaluative level, as proposed by Berthoz et al. (2002) , and whether or not the perceptual aspects of processing are affected.
